SF 298 MASTER COFY

KEEP TEIS COPY POR REPRODUCTION PUFFOSES

REPORT DOCUMENTATION PAGE

Form Approved
OMB NO. 0704-0188

GINPING ANG MLMANANG N6 G413 Nesas. 4na COMBINYY BN0

PuMWﬂUDMWMHmhdelmmwm 1 ncL?

DOr 1680ONES. NOULNG e LA 180 NITUCUONS. SRTEAMY ST ™ )
t """""m? Y SONING GRU 30UrCoS

e ' Son8 o0 %ﬂwmm-wmnmrumsmn
2006CU0N O Prierr 2, MaVNg § ONg 17 1eduacng TS CUITEN, (0 WABUAGIN Heacquanus Servcas, Omecoraw Bt Goarsyens §nY 6. 1215 Jettersan
Davia Highway, Suis *204. AIgon. VA 222024302, snd 1o e Ofics of Managemen and SUOPBL. PEpswark Facucnon Piciact {0704:3188), Washaggen. 02 2

1. AGENCY USE ONLY (Leave blanx) 2. REPORT DATE 3. REPORT TYPE AND DATES COVERED \

' October 15, 2001 Final Progress Rep.,9/1/96 to 8[2%701
8. FUNDING NUMBERS
DAAHO4-96-1-0419

4. TITLE AND SUBTITLE
Center of Excellence on Software Evolution

6. AUTHORIS)
Murali Sitaraman and E. James Harner

7 PERFORMING ORGANIZATION NAMES(S) AND ADDREES(SS) 8. PERFCRMING ORGANIZATION

West Virginia University, Morgantown, WV 26506 REPORT NUMBER
3. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES)- ~ - - T A 10. SPONSORING ! ¥ONITORING
AGENCY REPORT NUMBER

U.S. Army Research Office
P.O. Box 12211
Research Triangle Park, NC 27709-2211

20230 1| -RT-DPS

11, SUPP_EMENTARY NOTES -_ .
The views. opinions and/or findings contained in fﬁ's“ripéﬁf hosc“o?iﬁé‘?xuthor(? and should not be construed as
an offizial Department of the Army position, policy or decision:

!

12a. DISTRIBUTION / AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Approved for public release: distribution unlimited.

13 ABSTRACT (Maxmum 230 words)

The broad goal of the project is to investigate techniques to minimize the soaring
cost of software evolution, focusing on component-based systems where predictable
behavior -and performance are important. Key research results include techniques for]
reusable component and pattern design, formal specification of behavior and perform-
ance, modular verification of behavior and performance correctmness, and principles
for contract-checking components. Languages and tools that incorporate these find-
ings are key technology transfer results. Key educational results include a formal
approach and materials for teaching component-based software engineering at the
graduate and undergraduate levels in Computer Science, and gtatistical evaluation og

20020201 060

. RM . . . :
14. SUBLECT TERMS Components, education, design patterns, objects, 15'“%1?ER“'P~GES

formal methods, software engineering, gpecification, verifica-
. 16. PRICE CODE
tion, languages, tools

1 17. SECURITY CLASSIFICATION | 18. SECURITY CLAGSIFICATION | 18. SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRACT
OR REPORT OF THIS PAGE OF ABSTRACT
: UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL
U - C O
. NSN 7540-01-280-5500 o Stancsrd Form 208 (Rev. 2-89)

Faclosure 1

Prescrioed by ANSI 5. 23915



Center of Excellence on Software Evolution
DAAH04-96-1-0419
Final Progress Report, 9-01-1996 to 8-16-01

Murali Sitaraman 36364-RT-DPS
Computer Science
Clemson University
Clemson, SC 29634
E-mail: murali@cs.clemson.edu

and

E. James Harner
Department of Statistics
West Virginia University

Morgantown, WV 26506-6330
E-mail: jharner(@stat.wvu.edu




Table of Contents

A. Problem Statement

B. Summary of Key Results
C. List of Publications

D. Scientific Personnel

el Y AR B VS ]




A. Problem Statement

The overall problem is to minimize the soaring cost of software evolution in the context
of component-based systems, in particular, those systems where predictable behavior and
performance are fundamental concerns. While the problem exists in the case of legacy
systems and systems especially designed for predictability and evolution, the focus of the
project is on designing predictable systems to evolve gracefully. Goals include
investigation of research techniques, development of tools, and identification of
education and technology transfer activities to minimize the cost of evolution. The
proposed techniques should minimize the cost for understanding, reasoning, reuse and
adaptation during development and evolution.

Summary of Key Results

The central results of the project are listed are aimed at addressing the above goals. They
include:
e Reusable software component and pattern design principles;
e Modular verification of behavior, including the need for abstraction relations;
e Principles and practical techniques for contract-checking components;
e Formal specification of performance and modular verification of performance
correctness;
e Languages and tools for predictable component-based software development and
evolution;
e A formal approach to component-based software engineering: education and
statistical evaluation.

Follow-up research and educational work are funded by National Science Foundation
grants, including an Information Technology Research (ITR) grant in 2001. The results
from the project have been widely disseminated in over 50 publications. Section C of the
report contains a listing of publications during each year of the project. Journal
publications have appeared in practical and theoretical places such as JEEE Transactions
of Software Engineering, John Wiley Software — Practice and Experience, and Springer-
Verlag Formal Aspects of Computing. Conference publications include ones in the
International Conference on Software Engineering (ICSE), International Conference on
Software Reuse (ICSR), Symposium on Software Reuse, International Symposium on
Software Reliability Engineering, and ACM SIGCSE Technical Symposium on Computer
Science Education. An edited book on Foundations of Component-Based Systems
published by Cambridge University Press in 2000 contains articles from leading software
engineering researchers and practitioners, and it has benefited from this project.

It is important to emphasize that the impact of this project will remain. Follow-up
research and educational work have been funded by National Science Foundation grants,
including an Information Technology Research (ITR) grant in 2001. At least three more
journal submissions on performance analysis, parameter passing of objects using
swapping, and contract-checking principles are planned in the near future. These planned




submissions are not included in this report.

The project has been instrumental in continued development and refinement of
RESOLVE as a research and educational vehicle for component-based software
engineering. During the course of the project, a variety of practical component
development issues and foundational formal specification questions in software
engineering have been addressed. The project has laid the foundation for the RESOLVE
software composition workbench — an environment for predictable component-based
software construction — in collaboration with investigators at The Ohio State University.
Researchers have developed a variety of tools, including compilers, translators, editors,
and an interactive environment. These tools are at varying levels of maturity and
sophistication. They have been demonstrated at DARPA meetings and conferences. The
tools will serve as our principal vehicle for transitioning the results from the project to
academia, industry, and the U. S. defense program. They are available at
http://www.cs.clemson.edu/~resolve.

Four Ph. D. dissertations and seven M. S. project reports and theses have also resulted
from the project, in addition to several education-oriented materials and publications.
These results and some of our efforts in technology transition are document in Section
IV. Together with NSF and Department of Education grants, this project has facilitated
introduction of a formal approach to component-based software development in
undergraduate Computer Science education. The approach and positive results from
statistical evaluation of student attitudes and learning have been published.
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Heym, S. Pike, and J. Hollingsworth, “Reasoning about Software-Component
Behavior,” Proceedings of the Sixth International Conference on Software Reuse,
Springer Verlag, Vienna, Austria, June 2000, 266-283.

S. Yacoub, H. Ammar, and A. Mili, “Constructional Design Patterns as Reusable
Components, ” Proceedings of the Sixth International Conference on Software
Reuse, Springer-Verlag, Vienna, Austria, June 2000.
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